Fall 2007 EECS 232: LIGHTWAVE DEVICES Prof. Ming C. Wu

HW #8
(For practice only. No need to turn in)

1. A surface-illuminated p-i-n photodiode has an absorption coefficient of 10* cm™ and an area
of 100um x 100um. The surface of the photodiode is AR-coated to allow 100% transmission.
Assume the internal quantum efficiency of the absorption layer is 90%. The photodetector is

connected to a 50Q2 impedance. The electron velocity is 10” cm/sec, and the hole velocity is
2x10° cm/sec.

a. If the thickness of the absorption region is W, find the expression for the transit time
and the RC time.

b. What is the expression for the overall bandwidth of the p-i-n?

c. What is the maximum bandwidth one can achieve for this p-i-n? What is the condition
for the maximum bandwidth?

d. What is the total external quantum efficiency for the p-i-n in Part (c), i.e., under the
condition of maximum bandwidth.

2. A SAM-APD has a 2-um long absorption region and a 0.5-um long multiplication region. The
absorption coefficient of the absorption region is 10* cm™, while the multiplication region is
made of a wide-bandgap material with an electron impact ionization coefficient of 5x10% cm™
and a hole impact ionization coefficient of 5x10°cm™. The surface of the APD is
anti-reflection coated so the reflection is 0%. The electron velocity is 10” cm/sec, and the hole
velocity is 2x10° cm/sec.

a. What is the responsivity of the APD for 1.55-um light? (Note: responsivity includes
the effect of gain).

b. What is the bandwidth of the APD?
c. What is the noise figure of the APD?

d. What is the receiver sensitivity (defined as the minimum received optical power to
reach a signal-to-noise ratio of 1000) of the APD at 1 Gbit/sec? Express your answer
in dBm. The APD is connected to a 50C resistor.



